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Description 

BACKGROUND OF THE INVENTION 
5 Field of the Invention 

[0001] The present invention relates to a method of preparing a water-absorbing resin. More specifically, the present 
invention is concerned with an improved seed-polymerization method of preparing a water-absorbing resin wherein a 
specific surface active agent is employed. 

10 [0002] According to the preparation method of the present invention, a granulated polymer having a desired average 
particle diameter of 200 to 3,000 nm with a narrow particle size distribution can be readily obtained. The granulated 
product contains few fine powder and has a high cohesion strength. Further, the granulated product exhibits a high 
speed of water absorption. Accordingly, the granulated product can be advantageously used not only for sanitary goods 
such as paper diapers and sanitary napkins but also for agricultural purposes (soil water retainers for instance) and 

is tor civil engineering and construction purposes (waterstop materials and dew preventives for instance). 

Background Art 

[0003] In recent years, water-absorbing resins have been widely used for sanitary goods such as paper diapers and 
20 sanitary napkins, for industrial purposes (as waterstop materials, dew preventives, freshness retainers and solvent 
dehydrators), and for planting-trees and agricultural and horticultural purposes, and various water-absorbing resins 
have been employed. 

[0004] Among known water-absorbing resins there are hydrolyzates of starch-acrylonitrile graft copolymers, 
crosslinked carboxymethylcellulose, crosslinked polyacrylic acids (salts), acrylic acid (satt)-vinyl alcohol copolymers, 

25 crosslinked polyethylene oxides, and the like. 

[0005] However, the conventional water-absorbing resins are all less than satisfactory in term of particle diameter. 
Polymers prepared by reverse-phase suspension polymerization in particular, offer many problems. For instance, JP- 
A-53-46389 (cf. JP-B-54-3071 0) discloses a method of preparing a desired polymer having a water absorption capacity 
of at least 400 and capable of being powdered by dispersing and suspending an at least 40% by weight aqueous 

30 solution of an alkali metal acrylate containing a water-soluble radical polymerization initiator in a petroleum type of 
aliphatic hydrocarbon solution in the presence of a sorbitan fatty acid ester having an H LB of 3 to 6, followed by 
polymerization in the absence of a crosslinking agent; JP-A-57-1 67302 discloses a method of preparing a highly water- 
absorbing polymer material having an average particle diameter of 1 to 40 urn by adding an organic solvent to a 5 to 
40% by weight aqueous solution of an <x,p-unsaturated carboxylic acid monomer or a metal salt thereof at a volumetric 

35 ratio of 1 to 4 relative to the aqueous monomer solution, and adding to the aqueous solution 0.1 to 20% by weight of 
a nonionic surface active agent as a dispersant and 0 to 10% by weight of a crosslinking agent, followed by a water- 
in-oil type of reverse-phase suspension polymerization at 200° C or lower in the presence of a radical polymerization 
initiator; and JP-A-56-13160B (cf. JP-B-60-25045) discloses a method of preparing a water-absorbing agent with the 
capability of absorbing water being high with respect to not only pure water but also an aqueous solution of electrolyte 

40 by suspending an aqueous solution of acrylic acid and an alkali acrylate partially neutralized to a neutralization degree 
of about 50 to 98 mol% with an alkali such as NaOH or NH 4 OH in an alicyclic or aliphatic hydrocarbon solvent in which 
a surface active agent having an HLB of 8 to 12 coexists and carrying out reverse-phase suspension polymerization 
in the presence of a water-soluble radical polymerization initiator and, if necessary, a crosslinking agent in an amount 
of about 0.005 to 5.0% by weight relative to the monomer. 

45 [0006] However, when a water-in-oil type (hereinafter sometimes called W/O type) of reverse-phase suspension 
polymerization of an alkali metal acrylate is carried out using as a dispersant a sorbitan fatty acid ester having an HLB 
of 3 to 6 as described in JP-A-53-46389 (JP-B-54-30710), a nonionic surface active agent having an HLB of 6 to 9 as 
described in JP-A-57-1 67302 or a surface active agent having an HLB of 8 to 1 2 as disclosed in JP-A-56-1 31608 (JP- 
B-60-25045), the obtained water-absorbing resins are all found to have a small particle diameter of about 1 0 to 1 00 jam. 

50 [0007] On the other hand, JP-A-57-94011 (cf. JP-B-63-36321 ) discloses a method of preparing a high-molecular 
material excellent in water absorption properties by the water-in-oil type of reverse-phase suspension polymerization 
of an a, (J- unsaturated carboxylic acid monomer and/or an alkali metal salt thereof in the presence of a crosslinking 
agent using as a dispersant a carboxyl group-containing polymer having an affinity with an organic solvent, and JP-A- 
57-9851 2 (cf. JP-B-63-36322) discloses a method in which about 0.01 to 1% by weight of a water-soluble catalyst and 

55 0.01 to 20% by weight of a dispersant (a polymer containing at least about 0.01 mole of carboxyl group and having a 
molecular weight of at least about 500) are added to an ct,0-unsaturated carboxylic acid monomer and/or a metal salt 
thereof and reverse-phase suspension polymerization is conducted at about 40 to 100°C under agitation in a medium 
consisting of water and an organic solvent at a weight ratio of about 0 to 50 : about 100 to 50. When a carboxyl group- 
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containing lipophilic polymer is used as a dispersant as set forth in JP-A-57-94011 (cf. J P-B -63-36321) and JP-A- 
57-98512 (cf. JP-B-63-36322), polymers of several hundred \im in particle diameter may be obtained, but there is a 
problem that a large mass is likely to be formed during the polymerization due to a high affinity between the dispersant 
and the acrylic monomer. 

s [0008] As a method for increasing the particle size of water-absorbing resins, it is known to use as a dispersant an 
oil-soluble cellulose ester or cellulose ether as disclosed in JP-A-57-1 58209 (cf. JP-B-1 -1 7482) and JP-A-57-1 5821 D. 
More specifically, JP-A-57-1 58209 discloses a method for carrying out suspension polymerization by adding a water- 
soluble radical polymerization initiator to an aqueous solution of a water-soluble ethylenically unsaturated monomer 
to which about 0.01 to 5% by weight of a crosslinking agent is added, and adding the resulting solution dropwise under 
io agitation to a hydrophobic dispersion medium (a halogenated aromatic hydrocarbon) having about 0.05 to 10% by 
weight of a protective colloid added thereto, said protective colloid being an oil-soluble cellulose ester or ether which 
is insoluble in the dispersion medium at normal temperature but soluble therein at the polymerization temperature (of 
at least about 40°C); and JP-A-57-1 58210 discloses a method for carrying out an oil-in-water type of suspension 
polymerization by adding a persulfate as a polymerization initiator to an aqueous solution of a water-soluble ethylen- 
es ically unsaturated monomer, and adding the resulting solution dropwise under agitation to a hydrophobic dispersion 
medium to which a cellulose ester or ether soluble in the medium at a temperature above about 40°C has been added 
as a protective colloid". 

[0009] Problems with such methods are, however, that the remnants of the dispersant melt upon drying of the pol- 
ymer, making the polymer liable to agglomerate and stick to the wall of equipment used. 

20 [0010] Further, JP-A-62-1 72006 discloses a method of preparing a water-absorbing resin by polymerizing an at least 
25% by weight aqueous solution of an cc.ji-unsaturated carboxylic acid and an alkali metal salt thereof in a petroleum 
hydrocarbon solvent using a radical polymerization initiator and, if required, in the presence of a crosslinking agent, 
wherein a polyglycerin fatty acid ester having an HLB of 2 to 16 is used as a surface active agent. According to this 
method, the use as a dispersant of the polyglycerin fatty acid ester having an HLB of 2 to 16 can produce a polymer 

25 having a large particle diameter. However, there is a problem with this method that the permissible range of preparation 
conditions for producing the polymer in a stable manner is very narrow; in other words, if there is a departure from 
these conditions, bulk polymerization is liable to occur. Thus, this method is unfavorable for industrially stable prepa- 
ration. 

[001 1] As an alternative to the aforesaid methods, a method of granulating (agglomerating) primary particles of water- 
30 absorbing resins by using a binder such as water or polyvinyl alcohol has been proposed in the art, as disclosed in 
JP-A-2-308820. However, this method, when carried out using water as a binder, offers a problem that the agglomerated 
primary particles readily disintegrate during delivery or handling because of low cohesion strength between the primary 
particles. When polyvinyl alcohol is used as a binder, some improvement may be made in the cohesion strength. 
However, another problem arises; some extra expense is incurred because a lot of polyvinyl alcohol and special equip- 
35 ment are needed. 

[0012] Furthermore, JP-A-62-230813 discloses a seed polymerization method of preparing a polymer having an 
average particle diameter of 100 u.m or larger by forming a dispersion in a non-aqueous liquid of water-absorbing resin 
seed particles formed from a first monomer, allowing an aqueous solution of a second water-soluble ethylenically 
unsaturated monomer to be absorbed in the seed particles, and then polymerizing the second monomer. This patent 

40 document states publication alleges that water-absorbing resins which are larger than the seed particles or in which 
the seed particles agglomerate to a large particle diameter are obtainable according to this method. However, this 
method, too, has some drawbacks. That is, the same dispersant (the W/0 type of dispersant) or stabilizer as used with 
the first monomer is used for the polymerization of the second monomer, and so remains dissolved in the solvent. 
When the aqueous solution of the second monomer is added to the system under such conditions, the aqueous solution 

45 of the second monomer is placed in a suspended state before absorbed in hydrous gel particles obtained by the first- 
stage polymerization, and so the rate of the second monomer to be absorbed in the seed particles becomes very slow. 
It is thus difficult to obtain agglomerates having a high cohesion strength. 

[0013] Still furthermore, JP-A-3-227301 discloses a method of preparing a water-absorbing resin by carrying out a 
process which involves subjecting an aqueous solution of a water-soluble ethylenically unsaturated monomer to a first- 

50 stage reverse-phase suspension polymerization in a petroleum hydrocarbon solvent using a radical polymerization 
initiator in the presence of a surface active agent and/or a high-molecular protective colloid and, if required, in the 
presence of a crosslinking agent, thereby forming a slurry containing the resulting polymer particles followed by cooling 
for the precipitation of the surface active agent and/or high-molecular protective colloid, and then adding to said slurry 
an aqueous solution of a water-soluble ethylenically unsaturated monomer containing a radical polymerization initiator 

55 and, if required, a crosslinking agent to carry out an additional reverse-phase suspension polymerization. Thus, this 
document teaches a seed polymerization method of preparing a water-absorbing resin, which is similar to that men- 
tioned above, except that the slurry after the completion of the first-stage reverse-phase suspension polymerization is 
cooled to allow the surface active agent and/or high-molecular protective colloid to be precipitated out of the solvent 
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before the aqueous solution of the second-stage monomer is added. The document states that a water-absorbing resin 
having a reduced fine powder content and a sharp particle size distribution can be obtained by the polymerization 
process according to this method, because the first -stage slurry is cooled so as to precipitate the surface active agent 
and/or high-molecular protective colloid, thereby inhibiting the surface active function, i.e., preventing the formation of 
5 a suspension, viz., a W/O type of emulsion of the second-stage aqueous monomer solution and so ensuring sufficient 
monomer absorption. 

[001 4] This method takes aim at precipitating the surface active agent by cooling to inhibit the surface active function. 
In practical applications, however, the surface active agent and/or high-molecular protective colloid are composed of 
several components which vary largely in terms of precipitation temperature. To achieve complete precipitation of such 

w a substance comprising multiple components, it is occasionally required to select extremely severe conditions such 
as sub-zero conditions; however, this is practically almost impossible. In practice, therefore, precipitation of important 
components only will be achieved at best. Thus, some components of the W/O type surface active agent and/or high- 
molecular colloid remain dissolved in the slurry, and so are largely detrimental to the absorption of the second-stage 
aqueous monomer solution by the first polymer. The resulting water-absorbing resin has a considerable fine powder 

*5 content, and even if primary particles agglomerate into a granule, its cohesion strength distribution is insufficient. 

[0015] Moreover, the speed of absorption of the second monomer solution into the first polymer significantly drops 
by the cooling of the slurry system, and several tens of minutes to several hours are needed for achieving sufficient 
absorption. Accordingly, when an acrylic monomer, which is of extremely vigorous polymerizability, is employed, not 
only is there much risk of unusual polymerization during absorption, but an increased process time is needed as well. 

20 Thus, the process is very awkward with a decreased productivity. 

[0016] Finally, JP-A-6-1 84211 discloses an improved method for preparing a water-absorbing agent by the seed 
polymerization of an acrylic monomer, wherein the first-stage polymerization of a water-soluble unsaturated monomer 
in a hydrocarbon solvent medium is conducted using a specific radical-polymerizable surfactant which is to be taken 
up in the resultant seed polymer and thus vanishes from the medium when the first-stage polymerization is completed, 

25 and then a second monomer is added to the system to carry out the second-stage polymerization. 

[0017] This publication stresses that this method is advantageous in that an excessive portion of the surfactant 
present in the medium can be vanished from the system without resorting to cooling of the system and thus the ab- 
sorption of the second monomer into the seed polymer can be conducted at a relatively high temperature. This method 
may theoretically be a very interest procedure, but it in fact has some problems. For instance, a considerable amount 

30 of unpolymerized matter remains in the first-stage polymerization irrespective of the use of the specific radical-polym- 
erizable surfactant. Further, to physically stabilize the reaction product in the suspension, the publication suggests the 
use of a combined protective colloid and emulsifier as a co-surfactant. In this regard, the publication states that modified 
cellulose, and polyethylene oxidized or modified with maleic anhydride or a copolymer thereof may be used to this 
end. Thus, the specific radical-polymerizable surfactant used is poor in emulsion stabilizing effect, and with the single 

35 use thereof it is impossible to obtain seed particles in a stable manner. As will be understood from the above, the 
specific radical-polymerizable surfactant not taken up in the seed polymer, or the co-surfactant still remains in the 
medium, whereby a W/O type of emulsion system is formed upon the addition of the second monomer to the system. 
As a result, the absorption of the second monomer in the seed polymer is impaired, leading to a final product of poor 
granule properties. 

40 [001 8] An object of the present invention is to overcome the above drawbacks in the prior art and provide an improved 
method of preparing a water-absorbing resin, in the form of granules by the seed polymerization of an ethylenically 
unsaturated monomer, which can provide, in a simple and stable manner, a granulated polymer having an advanced 
cohesion strength with an increased granulation efficiency. 

45 SUMMARY OF THE INVENTION 

[0019] It has now been found that, in carrying out the seed polymerization of an ethylenically unsaturated monomer, 
the use of a specific surface active agent in the second stage enables an effective and rapid absorption of the second 
monomer in the seed polymer particles, providing a final granulated polymer having a desired average particle size in 

50 the range of from 200 to 3,000 urn with a narrow particle size distribution, having an enhanced cohesion strength, and 
exhibiting an increased speed of water absorption. Based on this finding, the present invention has been accomplished. 
[0020] Thus, the present invention provides a method of preparing a water-absorbing resin, which comprises the 
steps of: subjecting an aqueous solution of a first water-soluble ethylenically unsaturated monomer to a first-stage 
water-in-oil type of reverse-phase suspension polymerization using a water-soluble radical polymerization initiator in 

55 a hydrophobic organic solvent in the presence of an emulsifier and optionally a crosslinking agent, thereby forming a 
slurry containing hydrous polymer gel particles; adding to said slurry a nontonic or anionic surface active agent having 
an HLB of at least 7 and higher than that of said emulsifier and an aqueous solution of a second water-soluble ethyl- 
enically unsaturated monomer so as to absorb the aqueous solution of the second monomer in said hydrous polymer 
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gel particles; and carrying out a second-stage polymerization of said second monomer. 
[0021] The present invention have the following advantages: 

(1) The absorption of the second aqueous monomer solution in the polymer gel particles (seed particles) can be 
s carried out very rapidly and efficiently. Therefore, even an acrylic monomer of vigorous polymerizability can be 

added at a relatively high temperature to the first-stage slurry system for absorption. 

(2) A single particle form of fine powder polymer is unlikely to be produced even with a high speed of agitation 
employed at the second stage. 

(3) The absorption of the second aqueous monomer solution in the seed polymer can be carried out at any desired 
10 temperature. Thus, in contrast to the method set forth in the aforesaid JP-A- 3-227301 , there is no need for cooling 

of the system for the precipitation of the emulsifier and surface active agent. 

(4) By a suitably selecting the type and amount of the surface active agent used it is possible to desirably vary the 
average particle diameter and cohesion strength of the end product. 

(5) The quantitative ratio of the second aqueous monomer solution to the first aqueous monomer solution can be 
is varied within a vary wide range; it is possible to achieve the intended granulation even with the use of a very small 

amount of second aqueous monomer solution. In this regard, according to the seed polymerization method dis- 
closed in the aforesaid JP-A-3-227301 , the lower limit of the amount of the second aqueous monomer solution is 
taught to be 50% of that of the first aqueous monomer solution. The publication states that the desired advantages 
cannot be obtained with the use of the second monomer solution in an amount below the lower limit. 
20 (6) The granular product obtained according to the present invention can absorb water at an extremely high speed. 

DETAILED DESCRIPTION OF THE INVENTION 

[0022] The present invention will now be explained in more detail below 

25 

(1) Water-Soluble Ethylenically Unsaturated Monomer 

[0023] Any desired water-soluble ethylenically unsaturated monomer can be used in the present invention. Exem- 
plary monomers are ionic monomers such as (meth)acrylic acid and/or an alkali metal or ammonium salt thereof, and 

30 2-(meth)acrylamide-2-methyl sulfonate and/or an alkali metal salt thereof; non ionic monomers such as (meth)acryla- 
mide, N.N-dimethylacrylamide, 2-hydroxy ethyl (meth)acrylate, and N-methylol(moth)acrylamide; and amino group- 
containing unsaturated monomers such as diethylaminoethyl (meth)acrylate, and dimethylaminopropyl (meth)acrylate, 
or a quaternary salt thereof; and these monomers may be used singly or in combination of two or more. The term "meth 
(acrylic)" herein means "acrylic" or "methacrylic". 

35 [0024] Preferable among these are (meth)acrylic acid and/or an alkali metal or ammonium salt thereof, and (meth) 
acrylamide. The alkali metal salt used herein may be sodium salt, potassium salt, lithium salt, and rubidium salt by way 
of example alone. However, preference is given to the sodium or potassium salt in the light of polymer performance, 
commercial availability and safety. 

[0025] The concentration of the water-soluble ethylenically unsaturated monomer in the aqueous solution is generally 
40 at least 20% by weight, preferably 25% by weight to saturation concentration. The (meth)acrylic acid, 2-(meth)acryla- 
mido-2-methyl sulfonate, etc., may be used in the form partly or wholly neutralized with an alkali metal or ammonium 
compound. Then, the degree of neutralization is generally in the range of 20 to 100 mol%, preferably 30 to 100 moi%. 
[0026] According to the present invention, the monomer to be used at the second polymerization stage (second 
monomer) may be of the same kind as, or different from, the monomer to be used at the first polymerization stage (first 
45 monomer). When the same monomers are used at the first and second polymerization stages, the monomer concen- 
trations of the respective aqueous solutions and the degrees of neutralization of the monomers can be different from 
each other within the above ranges. 

(2) Emulsifier for the First-Stage Polymerization 

50 

[0027] Any desired emulsifier can be used for the first -stage polymerization on condition that it is soluble in, or has 
an affinity for, a hydrophobic solvent and can basically form a W/O type of emulsion system. More specifically, a nonionic 
emulsifier and/or an anionic emulsifier having an HLB of generally 1 to 9, preferably 2 to less than 7 are preferred. 
[0028] Examples of such emulsifiers include sorbitan fatty acid ester, polyoxysorbitan fatty acid ester, sucrose fatty 
55 acid ester, polyglycerin fatty acid ester, polyoxyethylene alkylphenyl ether, ethyl cellulose, ethylhydroxycellulose, pol- 
yethylene oxide, anhydrous polyethylene maleate, anhydrous polybutadtene maieate, anhydrous ethylene maleate- 
propyiene-diene terpolymer, copolymer of a-olefin and maleic anhydride or a derivative thereof, and polyoxyethylene 
alkylether phosphate. 
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[0029] The amount of the emulsifier used is generally in the range of 0.05 to 10% by weight, preferably 0.1 to 1% 
by weight relative to the hydrophobic solvent. 

(3) Hydrophobic Solvent 

5 

[0030] In the present invention, any desired hydrophobic solvent can be used with the proviso that it is basically 
hardly soluble in water, and inert with respect to polymerization. Exemplary solvents are aliphatic hydrocarbons such 
as n-pentane, n-hexane, n-heptane, and n-octane; alicyclic hydrocarbons such as cyclohexane, and methylcyclohex- 
ane; and aromatic hydrocarbons such as benzene, toluene, and xylenes. Preferable among these are n-hexane, n- 
10 heptane, and cyclohexane from the viewpoint of quality and commercial availability. 

[0031] The amount of the hydrophobic solvent used is generally 0.5 to 10 times by weight, preferably 0.6 to 5 times 
by weight the aqueous solution of the water-soluble ethylenically unsaturated monomer used for the first -stage polym- 
erization. 

is (4) Crosslin king Agent 

[0032] In the present invention, a crosslinking agent may optionally be used both at the first and second polymeri- 
zation stages according to necessity. A crosslinking agent may be dispensed with if the monomer per se undergoes 
so-called self -crosslinking even in the absence of any crosslinking agent, although this depends on monomer conditions 
20 (e.g., the type of monomer, the concentration of monomer in the aqueous solution, and the degree of neutralization of 
monomer). In some cases, however, the use of a crosslinking agent is needed to meet the desired performance, e.g., 
water absorption capacity, and the speed of water absorption. The crosslinking agent used herein should contain at 
least two polymerizable unsaturated groups and/or reactive functional groups per molecule. 

[0033] Exemplary crosslinking agents containing at least two polymerizable unsaturated groups per molecule are 

25 di- ortri-(meth)acrylic esters of polyols such as ethylene glycol, propylene glycol, trimethylolpropane, glycerin polyox- 
y ethylene glycol, polyoxypropylene glycol, and polyglycerin; unsaturated polyesters obtained by reactions between 
the aforesaid polyols and unsaturated acids such as maleic acid, and fumaric acid; bisacry lam ides such as N.N'- 
methylenebisacrylamide; di- or tri-(meth)acrylic esters obtained by reactions between polyepoxides and (meth)acrylic 
acids; carbamyl (math)acrylates obtained by reactions between polyisocyanates such as tolylene diisocyanate and 

30 hexamethylene diisocyanate and hydroxyethyl (meth)acrylate; and polyhydric allyls such as allylated starch, allylated 
cellulose, diallyl phthalate, tetraallyloxyethane, pentaerythritol allyl ether, trimethylolpropane triallyl ether, diethylene 
glycol diallyl ether, and triallyl trimerllitate. Among these crosslinking agents, ethylene glycol di(meth) acrylate, poly- 
ethylene glycol di(meth)acrylate, propylene glycol di(meth)acrylate, polypropylene glycol di(meth)acrylate, and N,N'- 
methylenebis(meth)acrylamide are preferred. 

35 [0034] Exemplary crosslinking agents containing at least two reactive functional groups per molecule are diglycidyl 
ether compounds, haloepoxy compounds, and isocyanate compounds, the diglycidyl ether compounds being particu- 
larly preferred. Exemplary diglycidyl ether compounds are ethylene glycol diglycidyl ether, polyethylene glycol diglycidyl 
ether, propylene glycol diglycidyl ether, polypropylene glycol diglycidyl ether, glycerin diglycidyl ether, and polyglycerin 
diglycidyl ether, the ethylene glycol diglycidyl ether being particularly preferred. The haloepoxy compounds usable 

40 herein are exemplified by epichlorohydrin, epibromohydrin, and 0-methylepichlorohydrin, and the isocyanate com- 
pounds usable herein 2,4-tollylene diisocyanate, and hexamethylene diisocyanate. 

[0035] The amount of the crosslinking agent used is usually in the range of 0 to 10% by weight, preferably 0.001 to 
5% by weight relative to the ethylenically unsaturated monomer. 

45 (5) Water-Soluble Radical Polymerization Initiator 

[0036] The polymerization initiator usable herein is a water-soluble radical polymerization initiator exemplified by 
hydrogen peroxide; persulfates such as potassium persulfate, sodium persulfate, and ammonium persulfate; and azo 
compounds such as 2,2'-azobis-(2-aminodipropane) dihydrochloride, 2,2'-azobis-(N,N , -dimethyleneisobutylamidine) 
so dihydrochloride, and 2,2'-azobis{2-methyl-N-[1,1-bis(hydroxymethyl)-2-hydroxy-ethyl]propionamide}. These water- 
soluble radical initiators may be used in admixture. Hydrogen peroxide, and the persulfate may be used in the form of 
a redox type of initiator in combination with reducing substances such as persulfides and L-ascorbic acid, or amines. 
The amount of the polymerization initiator or initiators used is generally in the range of 0.001 to 5% by weight, preferably 
0.01 to 1% by weight relative to the ethylenically unsaturated monomer. 

55 

(6) Surface Active Agent 

[0037] In the present invention, when the first-stage reverse-phase suspension polymerization has substantially been 
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completed, i.e. at the polymerization degree of generally at least 90%, preferably at least 95%, the second aqueous 
monomer solution is added to the resulting slurry system containing hydrous polymer gel particles so that the aqueous 
solution is absorbed in the hydrous polymer gel particles. Upon the absorption of the aqueous monomer solution in 
the polymer gel particles, a specific surface active agent is allowed to exist in the slurry system. The surface active 
5 agent usable herein is a nonlonic or anionic surface active agent having an HLB of at least 7, preferably 9 to 17, most 
preferably 9 to 12, and higher than that of the aforesaid emulsifier. The HLB of the surface active agent is preferably 
higher than that of the emulsifier by at least 1 . 

[0038] Exemplary nonionic surface active agents are polyoxy ethylene alkylphenyl ether, polyoxy ethylene alky I ether, 
polyoxyethylene fatty acid ester, polyoxyethylene alkylphenyl ether, polyoxyethylene-polyoxypropylene block polymer, 
w sorbitan fatty acid ester, polyoxyethylene sorbitan fatty acid ester, polyoxyethylene alkylamine ether, fatty acid dieth- 
anolamide, sucrose fatty acid ester, and poly-glycerin fatty acid ester. 

[0039] Exemplary anionic surface active agents are fatty acid salts such as soda oleate, castor oil potassium, and 
semicured tallow soda; sodium lauryl sulfate; higher alcohol sulfate esters such as higher alcohol sulfate soda salt, 
lauryi alcohol sulfate ester-triethanolamine salt, and lauryl alcohol sulfate ammonium salt; alkylbenzene sulfonates and 

15 alkylnaphthalene sulfonates such as soda dodecylbenzene sulfonate and soda alkylnaphthalene sulfonate; naphtha- 
lene-sulfonic acid-formalin condensate; dialkylsuifosuccinates such as sodium diaikylsulfosuccinate; (di)aikyl phos- 
phate salts; polyoxyethylene sulfate salts such as polyoxyethylene alkyl sulfate soda, and polyoxyethylene alkylphenyl 
sulfate soda; polyoxyethylene polyoxy propylene glycol ether sulfate ammonium salt; polyoxyethylene distyrenated 
phenyl ether sulfate ammonium salt; and other high-molecular special anions. These surface active agents can be 

20 used singly or as a mixture of two or more. 

[0040] Among the aforesaid surface active agents preference is given to at least one member selected from poly- 
oxyethylene alkylphenyl ether, polyoxyethylene-polyoxypropylene block polymer, and alkylbenzene sulfonate, or a mix- 
ture of two or more. 

[0041] The amount of the surface active agent or agents used is generally in the range of 0.05 to 10% by weight, 
25 preferably 0.1 to 5% by weight relative to the final water-absorbing resin after the second-stage polymerization, although 
it varies depending on the monomer species used, operating conditions, or the like. 

- Processes of, and Conditions for, Polymerization Reactions - 

30 [0042] According to the present invention, the aqueous solution of the water-soluble ethylenically unsaturated mon- 
omer is first subjected to the first -stage reverse-phase suspension polymerization in the hydrophobic solvent in the 
presence of the W/O type of emulsifier and, if required, in the presence of the crosslinking agent, using the water- 
soluble radical initiator. Although varying depending on the polymerization conditions applied, such as the type of the 
emulsifier used, a slurry mixture comprising hydrous polymer gel particles (seed particles) having an average particle 

35 diameter of generally about 10 to 300 jim, the emulsifier in excess and the hydrophobic solvent is formed after the 
first -stage polymerization. In this case, the polymerization may be carried out either by a batch process wherein a 
batch of the aqueous monomer solution is charged in a reactor or by a dropwise process wherein the aqueous monomer 
solution is added dropwise to the hydrophobic solvent. The slurry is then held at a temperature equal to, or lower than, 
the first-stage polymerization temperature. Subsequently, the aqueous solution of the second water-soluble ethyleni- 

40 cally unsaturated monomer is added to the slurry so as to allow the aqueous monomer solution to be absorbed in the 
hydrous polymer gel particles in the presence of the aforesaid specific surface active agent. 

[0043] The water-soluble ethylenically unsaturated monomer for use at the second polymerization stage may be 
identical with, or different from, that used at the first polymerization stage. For instance, quite different monomer species 
may be used; an aqueous solution of sodium acrylate may be used for the first-stage polymerization, and an aqueous 

^5 solution of acrylamide for the second-stage polymerization. Alternatively, the same monomer species, for instance, an 
aqueous solution of sodium acrylate, may be used at such conditions that the first polymerization stage and the second 
polymerization stage are carried out at different degrees of neutralization or different monomer concentrations. The 
amount of the second aqueous monomer solution is generally in the range of 5 to 300% by weight, preferably 10 to 
150% by weight of the first aqueous monomer solution. The addition of a crosslinking agent and a water-soluble radical 

50 polymerization initiator to the slurry for the second-stage polymerization is not an essential requirement, and may 
optionally be carried out depending on the desired product quality. The second polymerization can easily proceed even 
in the absence of any fresh water-soluble radical polymerization initiator, once the slurry with the pre-added polymer- 
ization initiator absorbed therein is brought to the polymerization temperature. The addition of the second water-soluble 
ethylenically unsaturated monomer should preferably be carried out such that the temperature of the mixture after the 

55 absorption treatment be equal to, or lower than, the decomposition temperature of the radical polymerization initiator. 
[0044] The surface active agent may be added to the slurry before, simultaneously with or after, the addition of the 
second aqueous monomer. The surface active agent may be added directly, or as an aqueous solution, or by dissolving 
in or intimately mixing with the second monomer solution or the hydrophobic solvent. However, it is preferred that the 
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surface active agent be dissolved in or intimately mixed with the second aqueous monomer solution. 
[0045] Preferably, the slurry is adjusted at a temperature at which almost all of the W/O type of emulsifier remaining 
in the slurry is dissoluble in the hydrophobic solvent. On the other hand, it is preferable that the temperature of the 
second aqueous monomer solution be generally at around room temperature, i.e., 15 to 40°C, although varying de- 
5 pending on whether or not the radical polymerization initiator is present in the aqueous solution, the type of the radical 
polymerization initiator, if used, or the like. 

[0046] The absorption of the second aqueous monomer solution in the seed particles at the second polymerization 
stage takes place rapidly in the presence of the specific surface active agent as mentioned above, and the slurry system 
becomes viscous. It is then important that the absorption of the second monomer in the seed polymer be effected as 

io uniformly as possible. Generally, the gel particles with the monomer absorbed therein is somewhat sticky, and liable 
to agglomerate. Therefore, when the absorption of the monomer in the seed polymer is uneven, the gel particles 
agglomerate locally into large lumps which in turn settle down or stagnate, producing large influences on the average 
particle diameter and size distribution of the resulting granulated product as well as on the stability of continuous 
production. Uniform absorption is affected by various factors, among which temperature, stirring intensity, and monomer 

is feed rate are important as well as the type and concentration of the surface active agent used. The higher the stirring 
intensity and the lower the monomer feed rate, the more uniform the absorption of the monomer. In one exemplary 
way suitable for making the absorption of the monomer uniform, the revolutions per minute (rpm) of a stirrer is first set 
at a value higher than the lower limit of rpm above which the absorption of the monomer cannot occur, and then the 
rpm is gradually lowered. At such high-enough revolutions per minute, the suspension (slurry) system remains in the 

20 w/O type state even upon the addition of the aqueous monomer solution. The aqueous monomer solution for the 
second-stage polymerization is thus kept from being absorbed in the seed polymer in that state of system, and the 
system may become a completely uniformly mixed state. Thereafter, the rpm is gradually decreased to promote the 
absorption of the monomer, so that the aqueous monomer solution can uniformly be absorbed in the seed particles 
(hydrous polymer gel particles). 

25 [0047] In this way, gel particles with the aqueous monomer solution uniformly absorbed therein can be obtained. 
The gel particles are liable to agglomerate as already mentioned. Therefore, the rpm of a stirrer during and after the 
absorption of the monomer solution is an important factor in the determination of the average particle size of a gran- 
ulated product. The higher the rpm, the smaller the average particle size of the product. 

[0048] The second polymerization is initiated by, for example, heating the slurry system, and with the progress of 
30 the polymerization, the gel particles begin to agglomerate and finally take a grape-like form. The rpm of a stirrer during 
the second polymerization also is an important factor in the determination of the average particle size of the final 
granulated product. The higher the rpm, the smaller the average particle size. 

[0049] If desired, the procedure of the addition of the second monomer solution to the system so as to effect the 
monomer absorption and the subsequent polymerization can be repeated at least one time, preferably two to four times. 
35 [0050] The thus formed polymer slurry is subjected to direct dehydration or azeotropic dehydration with the hydro- 
phobic solvent, and the resulting polymer may optionally be surface-treated, followed by drying, sieving, etc. to give a 
final article. 



40 



EXAMPLES 



[0051] The following examples are provided merely to illustrate the present invention and should not be construed 
as limiting thereof in any way. 

[0052] The water absorption capacity, speed of water absorption, particle size distribution/average particle diameter, 
and cohesion strength of the water-absorbing resins described in these examples were measured in the following 
45 manners. 

(1) Water Absorption capacity 

[0053] Precisely weighed about 0.5 gram of water-absorbing resin was put in a 250-mesh nylon bag (of 20 cm x 10 
50 cm in dimension) and the bag was immersed in 500 cc of an artificial urine. Thereafter, the nylon bag was pulled up, 
stripped of water for 15 minutes and weighed. After making blank correction, the water absorption capacity of the resin 
was calculated from the following equation: 

Water Absorption Capacity = We Jg ht ° f , Water-Swollen Gel (g) 
55 r ~r j Weight of Feed Polymer (g) 

[0054] The artificial urine used had the following composition: 
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Composition of Artificial Urine 


Urea 


1.94% 


Sodium chloride 


0.80% 


Calcium chloride 


0.06% 


Magnesium sulfate 


0.11% 


Pure water 


97.09% 



10 (2) Speed of Water Absorption 

[0055] Two (2) grams of water-absorbing resin were placed in a 100 ml beaker which was previously charged with 
50 ml of a 0.9% by weight physiologic saline while a rotor (of 33 mm in length) was rotated therein by a magnetic stirrer, 
and the period of time from the addition of the resin till the stop of rotation of the rotor was measured. The measured 
time is herein defined as the speed of water absorption. 



15 



(3) Average Particle Diameter/Particle Size Distribution 

[0056] An ASTM standard sieve device was constructed from, in order from above, 8-mesh, 12-mesh, 20-mesh, 
20 40-mesh, 60-mesh, 80-mesh, 100-mesh, 150-mesh, 200-mesh, and 325-mesh sieves with a receiver pan. About 50 
grams of water-absorbing resin were placed on the topmost sieve, and then shaken for 1 minute using a Ro-Tap type 
of automatic shaker. The weight of the water-absorbing resin remaining on each sieve was measured, and the per- 
centage thereof relative to the overall weight of the water-absorbing resin was calculated on mass basis. 

25 (4) Cohesion Strength 

[0057] 0.5 gram of water-absorbing resin passing through a 20-mesh sieve but not through an 80-mesh sieve was 
uniformly scattered over a central area of 8 cm x 8 cm of a SUS plate of 1 0 cm x 10 cm. Then, another SUS plate was 
put on the aforesaid plate with the water-absorbing resin sandwiched between them, followed by a 10-minute applica- 
tion of a pressure of 130 kgf/cm 2 . After depressurization, the water-absorbing resin was removed from between the 
plates for a 1 -minute shaking using the aforesaid Ro-Tap type of automatic shaker. The amount of the resin passing 
through an 80-mesh sieve was measured to determine the percentage by weight thereof. (The smaller the found value, 
the lesser the disintegration of the granulated particles or the higher the cohesion strength.) 
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Example 1 

[0058] 317 grams of cyclohexane were placed in a four-necked round flask of 1 liter in volume, with a stirrer, a reflux 
condenser, a thermometer and a nitrogen gas inlet tube provided thereto, and 1 .587 grams of sorbitan monostearate 
with HLB = 4.7 were added and dissolved therein, while the internal temperature thereof was maintained at 20°C under 
a nitrogen gas atmosphere. While cooled from the outside, 55.7 grams of water were added to 116.2 grams of acrylic 
acid placed in another conical flask of 500 cc in volume, and 180.6 grams of a 25% caustic soda were further added 
thereto for neutralization of 70% of the carboxyl group. In this case, the concentration of the monomer with respect to 
water corresponds to 40% by weight upon neutralized. Then, 0.0935 grams of N.N-methylenebis-acrylamide, 0.1208 
grams of potassium persulfate, and 0.11 04 grams of sodium hypophosphite hydrate as a water-soluble chain transfer 
agent were added and dissolved in the content of the conical flask, while the temperature was kept at 20°C. 
[0059] Added to the content of the aforesaid four-necked round flask of 1 liter in volume were 176.3 grams of the 
content of the conical flask of 500 cc in volume for suspension under agitation. It is here to be noted that stirring was 
carried out at 150 rpm using a full-zone blade. Then, the suspension was heated at the same rpm to around 55°C at 
which polymerization started and reached a peak at around 77°C. The polymerization system was subsequently held 
at 70°C for 15 minutes. After the 15-minute reaction, the polymerized content was cooled down to 50°C. 
[0060] Next, 1 .8 grams of polyoxyethylene-polyoxypropylene block polymer as a surface active agent (HLB = 10. 1 ; 
"PEPOL B184 0 made by Toho Chemical Industry Co., Ltd.) were added and dissolved in the remaining portion (about 
176.3 grams) of the aqueous solution of monomer contained in the aforesaid 500 cc flask. The resulting monomer 
solution was then added to the aforesaid polymerized content at 20°C and 200 rpm. After the addition, the temperature 
of the content was found to be about 40°C, at which the system resembled a somewhat viscous slurry. After the 
completion of the monomer addition, the monomer solution was almost completely absorbed in the hydrous polymer 
gel particles obtained at the first polymerization stage. Then, the slurry was heated to about 55°C with stirring at 500 
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rpm, at which polymerization started and reached a peak at around 69°C. After held at 70°C for a further 15 minutes, 
the system was further heated at the same rpm to dehydrate the resulting polymer to 7% by weight of water content 
by azeotropy with cyclohexane. 

[0061] Upon stirring stopped after the completion of dehydration, polymer particles settled down on the bottom of 
s the flask, so that they could easily be separated by decantation. The separated polymer was heated at 90°C to remove 
cyclohexane depositions and some water therefrom. The thus obtained polymer was found to be a free-flowing powdery 
granulated product with primary particles bound together in a grape form. 

Example 2 

10 

[0062] A powdery granulated product was obtained by the same operation and procedure as in Example 1 with the 
exception that 1 .8 grams of a polyoxyethylene-polyoxypropylene block polymer (HLB = 17; D EPAN 485" made by DAI- 
ICHI KOGYO SEIYAKU CO., LTD.) were used as the surface active agent. 

is Exampie 3 

[0063] A powdery granulated product was obtained by the same operation and procedure as in Example 1 with the 
exception that polyoxyethylene nonylphenyl ether (HLB = 17; "NOIGEN EA170" made by DA1-ICHI KOGYO SEIYAKU 
CO., LTD.) was used as the surface active agent. 

20 

Example 4 

[0064] A powdery granulated product was obtained by the same operation and procedure as in Example 1 except 
that triethanolamine dodecylbenzene sulfonate (an anionic surface active agent; "NEOGEN T° made by DAN CHI KO- 
25 GYO SEIYAKU CO., LTD.) was used as the surface active agent. 

Example 5 

[0065] 317 grams of cyclohexane were placed in a four-necked round flask of 1 liter in volume, with a stirrer, a reflux 
30 condenser, a thermometer and a nitrogen gas inlet tube provided thereto, and 1 .587 grams of sorbitan monostearate 
with HLB = 4.7 were added and dissolved therein, while the internal temperature thereof was maintained at 20°C under 
a nitrogen gas atmosphere. While cooled externally, 55.7 grams of water were added to 116.2 grams of acrylic acid 
placed in another conical flask of 500 cc in volume, and 1 80.6 grams of a 25% caustic soda were further added thereto 
for neutralization of 70% of the carboxyl group. In this case, the concentration of the monomer with respect to water 
55 corresponds to 40% by weight upon neutralized. Then, 0.0935 grams of N.N-methylenebis-acrylamide, 0. 1208 grams 
of potassium persulfate, and 0.1104 grams of sodium hypophosphite hydrate as a water-soluble chain transfer agent 
were added and dissolved in the content of the conical flask, while the temperature was kept at 20°C. 
[0066] Added to the content of the aforesaid four-necked round flask of 1 liter in volume was the content of the 500 
cc conical flask for suspension under agitation. It is here to be noted that stirring was carried out at 150 rpm using a 
40 full-zone blade. 

[0067] Then, the suspension was heated at the same rpm to around 55° C at which polymerization started and 
reached a peak at around 77°C. The polymerization system was subsequently held at 70°C for 15 minutes. After the 
15-minute reaction, the polymerized content was cooled down to 52°C. 

[0068] Next, the same aqueous monomer solution as in the aforesaid 500 cc flask was prepared in an amount of 
45 352.5 grams, and 0.781 grams of polyoxyethylene nonylphenyl ether as a surface active agent (HLB =12; °NOIGEN 
EA120" made by DAI-ICHI KOGYO SEIYAKU CO., LTD.) were added and dissolved therein. The resulting monomer 
solution was then added to the aforesaid polymerized content at 20°C and 150 rpm. After the addition, the temperature 
of the content was found to be 40° C, at which the system resembled a somewhat viscous slurry. After the completion 
of the addition, the monomer solution was almost completely absorbed in the hydrous polymer gel particles obtained 
50 at the first polymerization stage. Then, the slurry was heated to about 55°C with stirring at 500 rpm, at which polym- 
erization started and reached a peak at around 69°C. After held at 70°C for a further 15 minutes, the system was 
further heated at the same rpm to dehydrate the resulting polymer to 7% by weight of water content by azeotropy with 
cyclohexane. 

[0069] Upon stirring stopped after the completion of dehydration, polymer particles settled down on the bottom of 
55 the flask, so that they could easily be separated by decantation. The separated polymer was heated at 90° C to remove 
cyclohexane depositions and some water therefrom. The thus obtained polymer was found to be a free-flowing powdery 
granulated product with primary particles bound together in a grape form. 
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Example 6 

[0070] A powdery granulated product was obtained by the same operation and procedure as in Example 5 with the 
exception that 2.6 grams of sodium polyoxyethylene octyl acetate (an anionic surface active agent; "NIKKOL ECTD- 
s 3NEX" made by Nikko Chemicals Co., Ltd.) were used as the surface active agent. 

Example 7 

[0071] A powdery granulated product was obtained by the same operation and procedure as in Example 5 with the 
10 exception that 0.39 grams of dovanol polyoxyethylene sulfate ammonium salt (an anionic surface active agent; °HIT- 
ENOL 12° made by DAI-ICHI KOGYO SEIYAKU CO., LTD.) were used as the surface active agent. 

Example 8 

'5 [0072] A powdery granulated product was obtained by the same operation and procedure as in Example 5 with the 
exception that 1 .8 grams of triethanolamine dodecylbenzene sulfonate (an anionic surface active agent; "NEOGEN T D 
made by DAI-ICHI KOGYO SEIYAKU CO., LTD.) and 0.45 grams of apolyoxyethylene-poiyoxy propylene block polymer 
(HLB = 10.1; "PEPOL B184° made by Toho Chemical Industry Co., Ltd.) were used as the surface active agent, the 
amount of the absorbing monomer was 176.3 grams, and absorption was carried out at 400 rpm. 

20 

Example 9 

[0073] A powdery granulated product was obtained by the same operation and procedure as in Example 5 with the 
exception that 1 .8 grams of triethanolamine dodecylbenzene sulfonate (an anionic surface active agent; "NEOGEN T a 
25 made by DAI-ICHI KOGYO SEIYAKU CO., LTD.) and 0.45 grams of a polyoxyethylene-polyoxy propylene block polymer 
(HLB = 17; "EPAN 485° made by DAI-ICHI KOGYO SEIYAKU CO., LTD.) were used as the surface active agent, the 
amount of the absorbing monomer was 176.3 grams, and absorption was carried out at 400 rpm. 

Example 10 

30 

[0074] A powdery granulated product was obtained by the same operation and procedure as in Example 5 with the 
exception that 5.99 grams of triethanolamine dodecylbenzene sulfonate (an anionic surface active agent; "NEOGEN 
T" made by DAI-ICHI KOGYO SEIYAKU CO., LTD.) and 1.52 grams of a polyoxyethylene-polyoxy propylene block 
polymer (HLB = 10.1; "PEPOL B184" made by Toho Chemical Industry Co., Ltd.) were used as the surface active 
35 agent, the amount of the absorbing monomer was 1 23.4 grams, and absorption was carried out at 400 rpm. 

Example 11 

[0075] A powdery granulated product was obtained by the same operation and procedure as in Example 5 with the 
40 exception that 2.38 grams of triethanolamine dodecylbenzene sulfonate (an anionic surface active agent; "NEOGEN 
T" made by DAI-ICHI KOGYO SEIYAKU CO., LTD.) and 0.54 grams of a polyoxyethylene-polyoxypropylene block 
polymer (HLB = 10.1; "PEPOL B184" made by Toho Chemical Industry Co., Ltd. ) were used as the surface active 
agent, the amount of the absorbing monomer was 44.1 grams, and absorption was carried out at 300 rpm. 

45 Example 12 

[0076] A powdery granulated product was obtained by the same operation and procedure as in Example 5 with the 
exception that the emulsifier used for the first-stage polymerization was changed from 1 .587 grams of sorbitan mon- 
ostearate to a mixture consisting of 0.537 grams of a C2q. 3 q alkene ("DAIYAKARUNA D30 B made by Mitsubishi Chem- 

50 icals Co., Ltd.), 0.581 grams of a copolymer of said C 28 -38 alkene with maleic anhydride and 1.117 grams of sorbitan 
monostearate, the first-stage polymerization was carried out at 180 rpm, 1 .8 grams of triethanolamine dodecylbenzene 
sulfonate (an anionic surface active agent; "NEOGEN T° made by DAI-ICHI KOGYO SEIYAKU CO., LTD.) and 0.45 
grams of a polyoxyethylene-polyoxypropylene block polymer (HLB = 10.1; "PEPOL B184" made by Toho Chemical 
Industry Co., Ltd.) were used as the surface active agent, the amount of the absorbing monomer was 176.3 grams, 

55 and absorption was carried out at 400 rpm. 
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Example 1 3 

[0077] 325.4 grams of cyclohexane were placed in a four-necked round flask of 1 liter in volume, with a stirrer, a 
reflux condenser, a thermometer and a nitrogen gas inlet tube provided thereto, and 1 .627 grams of sorbitan monos- 

5 tearate with HLB = 4.7 were added and dissolved therein, while the internal temperature thereof was maintained at 
20°C under a nitrogen gas atmosphere. While cooled from the outside, 38.74 grams of water were added to 116.2 
grams of acrylic acid placed in another conical flask of 500 cc in volume, and 206.6 grams of a 25% caustic soda were 
further added thereto for neutralization of 80% of the carboxyl group. In this case, the concentration of the monomer 
with respect to water corresponds to 40% by weight upon neutralized. Then, 0.0935 grams of N.N-mathylenebisacry- 

10 lamide, 0. 1 208 grams of potassium persulfate, and 0. 11 04 grams of sodium hypophosphite hydrate as a water-soluble 
chain transfer agent were added and dissolved in the content of the conical flask, while the temperature was kept at 
20°C. the temperature was kept at 20°C. 

[0078] Added to the content of the aforesaid four-necked round flask of 1 liter in volume was the content of the conical 
flask of 500 cc in volume for suspension under agitation. It is here to be noted that stirring was carried out at 180 rpm 
15 using a full-zone blade. 

[0079] Then, the suspension was heated at the same rpm to around 56° C at which polymerization started and 
reached a peak at around 78°C. The polymerization system was subsequently held at 70°C for 15 minutes. After the 
15-minute reaction, the polymerized content was cooled down to 52°C. 

[0080] While cooled from the outside, 38.74 grams of water were added to 1 51 . 1 grams of acrylic acid placed in still 
20 another conical flask of 500 cc in volume, and 206.6 grams of a 25% caustic soda were further added thereto for 
neutralization of 61.5% of the carboxyl group. In this case, the concentration of the monomer with respect to water 
corresponds to 45.2% by weight upon neutralized. Then, 0.0935 grams of N.N-methylenebisacrylamide, 0. 1 208 grams 
of potassium persulfate, and 0.1104 grams of sodium hypophosphite hydrate as a water-soluble chain transfer agent 
were added and dissolved in the content of the conical flask, while the temperature was kept at 20°C. Added and 
25 dissolved in 319.4 grams of this aqueous monomer solution were 0.801 grams of polyoxy ethylene nonylphenyl ether 
as a surface active agent (HLB = 12; "NEOGEN EA120" made by DAl-ICHI KOGYO SEIYAKU CO., LTD.), and the 
resulting solution was added to the aforesaid polymerized content at 150 rpm. After the addition, the temperature of 
the content was found to be about 40°C, at which the system resembled a somewhat viscous slurry. After the completion 
of the monomer addition, the monomer solution was almost completely absorbed into the hydrous polymer gel particles 
30 obtained at the first polymerization stage. Then, the slurry was heated to about 55° C with stirring at 500 rpm, at which 
polymerization started and reached a peak at around 69°C. After held at 70°C for a further 15 minutes, the system 
was further heated at the same rpm to dehydrate the resulting polymer to 7% by weight of water content by azeotropy 
with cyclohexane. 

[0081] Upon stirring stopped after the completion of dehydration, polymer particles settled down on the bottom of 
35 the flask, so that they could easily be separated by decantation. The separated polymer was heated at 90° C to remove 
cyclohexane depositions and some water therefrom. The thus obtained polymer was found to be a free-flowing powdery 
granulated product with primary particles bound together in a grape form. 

Example 14 

40 

[0082] A powdery granulated product was obtained by the same operation and procedure as in Example 1 3 with the 
exception that the amount of an aqueous solution of the absorbing monomer was 240.0 grams, 3.8 grams of trieth- 
anolamine dodecylbenzene sulfonate (an anionic surface active agent; "NEOGEN T" made by DAl-ICHI KOGYO SEI- 
YAKU CO., LTD.) and 0.86 grams of a polyoxy ethylene-polyoxy propylene block polymer (HLB = 10.1 ; "PEPOL B184° 
45 made by Toho Chemical Industry Co., Ltd.) were used as the surface active agent, and absorption was carried out at 
500 rpm. 

Comparative Example 1 

so [0083] Polymerization and dehydration were carried out by the same operation and procedure as in Example 5 with 
the exception that no surface active agent was added to the second monomer solution. The obtained dry polymer was 
found to be a single particle form of powdery polymer containing a considerable amount of fine powder. 

Comparative Example 2 

ss 

[0084] Confirmative testing was performed following the technique disclosed in JP-A-3-227301 . That is, 31 7 grams 
of cyclohexane were placed in a four-necked round flask of 1 liter in volume, with a stirrer, a reflux condenser, a 
thermometer and a nitrogen gas inlet tube provided thereto, and 1.587 grams of sorbitan monostearate with HLB = 
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4.7 temperature thereof was maintained at 20°C under a nitrogen gas atmosphere. While cooled from the outside, 
55.7 grams of water were added to 116.2 grams of acrylic acid placed in another conical flask of 500 cc in volume, and 
180.6 grams of a 25% caustic soda were further added thereto for neutralization of 70% of the carboxyl group. In this 
case, the concentration of the monomer with respect to water corresponds to 40% by weight upon neutralized. Then, 
5 0.0935 grams of N.N-methylenebis-acrylamide, 0.1208 grams of potassium persulfate, and 0.1104 grams of sodium 
hypophosphite hydrate as a water-soluble chain transfer agent were added and dissolved in the content of the conical 
flask, while the temperature was kept at 20° C. 

[0085] Added to the content of the aforesaid four-necked round flask of 1 liter in volume was about a half (176.3 
grams) of the content of the conical flask of 500 cc in volume for suspension under agitation. It is here to be noted that 
10 stirring was carried out at 1 50 rpm using a full-zone blade. Then, the suspension was heated at the same rpm to around 
55° C at which polymerization started and reached a peak at around 77° C. The polymerization system was subsequently 
held at 70°C for 15 minutes. After the 15-minute reaction, the polymerized content was cooled down to 20°C to pre- 
cipitate sorbitan monostearate as an emulsifier. 

[0086] Then, another half (about 1 76.3 grams) of the content in the aforesaid 500 cc flask was added to the aforesaid 
15 polymerized content at 20° C and 50 rpm, followed by a 1 -hour holding at that temperature. 

[0087] Then, the slurry was heated toabout 55°C with stirring at 1 50 rpm, at which polymerization started and reached 
a peak at around 69 0 C. After held at 70°C for a further 1 5 minutes, the system was further heated at the same rpm to 
dehydrate the resulting polymer to 7% by weight of water content by azeotropy with cyclohexane. 
[0088] Upon stirring stopped after the completion of dehydration, polymer particles settled down on the bottom of 
20 the flask, so that they could easily be separated by dehydration, polymer particles settled down on the bottom of the 
flask, so that they could easily be separated by decantation. The separated polymer was heated at 90° C to remove 
cyclohexane depositions and some water therefrom, thereby obtaining a powdery polymer. 

Comparative Example 3 
25 " ~" " " ' " ' ' 

[0089] A powdery polymer was obtained by the same operation and procedure as in Comparative Example 2 except 
that the first-stage polymerization was carried out at 170 rpm, and both the temperature of the polymerized content 
and the temperature of the aqueous solution of the second monomer were 1 3°C. 

30 Comparative Example 4 

[0090] Confirmative testing was performed following the technique disclosed in JP-A-3-227301 . That is, 376.27 
grams of n-heptane were placed in a four-necked round flask of 1 liter in volume, with a stirrer, a reflux condenser, a 
thermometer and a nitrogen gas inlet tube provided thereto, and 1 .38 grams of sucrose fatty acid ester with HLB = 3 

35 ("Ryoto Sugar Ester S-370 made by Mitsubishi-Kagaku Foods Co., Ltd.) were added and heated to 50°C for dissolution 
therein, while the internal temperature thereof was maintained at 30°C under a nitrogen gas atmosphere. While cooled 
from the outside, 21.3 grams of water were added to B0.6 grams of acrylic acid placed in another conical flask of 500 
cc in volume, and 179.1 grams of a 25% caustic soda were further added thereto for neutralization of 70% of the 
carboxyl group. In this case, the concentration of the monomer with respect to water corresponds to 40% by weight 

40 upon neutralized. Then, 0.059 grams of N.N-methylenebis-acrylamide, 0.0765 grams of potassium persulfate, and 
0.069 grams of sodium hypophosphite hydrate as a water-soluble chain transfer agent were added and dissolved in 
the content of the conical flask, while the temperature was kept at 20° C. 

[0091] Added to the content of the aforesaid four-necked round flask of 1 liter in volume was the content of the rpm 
using a full-zone blade. Then, the suspension was heated at the same rpm to around 68°C at which polymerization 
45 started and reached a peak at around 84°C. The polymerization system was subsequently held at 70°C for 1 hour, 
thereby ending the polymerization. 

[0092] Next, the polymerized content was cooled down to 20° C to precipitate the emulsifier. 

[0093] Then, 281.2 grams of the same aqueous monomer solution as used for the first-stage polymerzation were 
prepared, and added to the aforesaid polymerized content at 20°C and 150 rpm, followed by a 30-minute holding at 
50 that temperature. The aqueous monomer solution added was almost completely absorbed in the polymerized content. 
Then, the slurry was heated to about 67°C with stirring at 500 rpm, at which polymerization started and reached a peak 
at around 75° C. After held at 70° C for a further 1 hour, the system was further heated at the same rpm to dehydrate 
the resulting polymer to 7% by weight of water content by azeotropy with n-heptane. 

[0094] Upon stirring stopped after the completion of dehydration, polymer particles settled down on the bottom of 
55 the flask, so that they could easily be separated by decantation. The separated polymer was heated at 90°C to remove 
n-heptane depositions and some water therefrom, thereby obtaining a powdery polymer. 

[0095] The polymers obtained in Examples 1-14 and Comparative Examples 1-4 were estimated for their average 
particle diameter, particle size distribution, and cohesion strength. The results are reported in Table 1 . 
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Example 15 

[0096] The powdery granulated product obtained in Example 1 0 was regulated to a water content of 20% by weight, 
and 1,000 ppm of ^glycidoxypropyltri-methoxysilane as a surface treating agent were added to the dried water-ab- 
5 sorbing resin for surface crosslinking. After drying, a powdery granulated product was obtained. 

Comparative Examples 5 & 6 

[0097] In these examples, commercially available granulated products obtained by reverse-phase suspension po- 
10 lymerization, AP-200N (made by The Nippon Synthetic Chemical Industry Co., Ltd.) and SA60 (made by Sumitomo 
Seika Chemicals Company, Limited) were used respectively. 

[0098] The polymers according to Example 1 5 and Comparative Examples 5 & 6 were estimated for their water 
absorption capacity and speed of water absorption. The results are reported in Table 2. 

[0099] As can be understood from Examples 1 -1 4 and Comparative Examples 1 -4 (Table 1 ) of the present invention, 
is the use of a specific surface active agent enables the aqueous monomer solution used at the second-polymerization 
stage to be absorbed in the hydrous polymer gel particles with extremely increased efficiency. The obtained granulated 
product has great strength and a narrow particle size distribution, and contains little, rf any, fine powder component 
(that passes through #80). 

[0100] As can be evident form Example 15 and Comparative Examples 5 & 6, the granulated product of the water- 
20 absorbing resin obtained according to the present invention can absorb water at a particularly high speed. 
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1. A method of preparing a water-absorbing resin, which comprises the steps of: 



s subjecting an aqueous solution of a first water-soluble ethylenically unsaturated monomer to a first-stage 

water-in-oil type of reverse-phase suspension polymerization using a water-soluble radical polymerization 
initiator in a hydrophobic organic solvent in the presence of an emulsifier and optionally a crosslinking agent, 
thereby forming a slurry containing hydrous polymer gel particles; 

adding to said slurry a non ionic or anionic surface active agent having an HLB of at least 7 and higher than 
10 that of said emulsifier and an aqueous solution of a second water-soluble ethylenically unsaturated monomer, 

which may be the same as or different from the first water-soluble ethylenically unsaturated monomer, so as 
to absorb the aqueous solution of the second monomer in said hydrous polymer gel particles; and 
carrying out a second-stage polymerization of said second monomer. 

is 2. The method according to claim 1 , wherein the addition of the second monomer solution and the second-stage 
polymerization are repeated at least one time. 

3. The method according to claim 2, wherein the second-stage polymerization reaction is repeated two to four times. 

20 4. The method according to claim 1 , 2 or 3, wherein the temperature of the aqueous solution of the second monomer 
which has just been absorbed in the polymer gel particles is lower than the decomposition temperature of the 
water-soluble radical polymerization initiator. 

5. The method according to any one of the preceding claims, wherein the surface active agent is added to said slurry 
25 in such a manner that it is previously dissolved in or intimately mixed with the aqueous solution of the second 

monomer. 

6. The method according to any one of the preceding claims, wherein the amount of the second monomer used is 5 
to 300% by weight of the first monomer. 

30 

7. The method according to any one of the preceding claims, wherein the water-soluble ethylenically unsaturated 
monomer is at least one monomer selected from the group consisting of acrylic acid or a salt thereof, methacrylic 
acid or a salt thereof, acrylamide, and methacrylamide. 

35 8. The method according to any one of the preceding claims, wherein the surface active agent has an HLB of 9 to 1 7. 



Patentanspruche 

40 i. Verfahren zur Herstellung eines Wasser absorb ierenden Harzes, welches Stufen umfasst, in denen man: 

eine wassrige Losung eines ersten wasserloslichen ethylenisch ungesattigten Monomers einer ersten Stufe 
einer Umkehrphasen-Suspensionspolymerisation vom Wasser-in-6l-Typ unter Verwendung eines wasserlos- 
lichen radikalischen Polymerisationsinrtiators in einem hydrophoben organischen Losungsmittel in der Ge- 
45 genwart eines Emulgators und gegebenenfalls eines Vemetzungsmittels unterzieht, wodurch eine Aufschlam- 

mung gebildet wird, die wasserhaltige Polymergel-Partikel enthalt, man 

zur genannten Aufschlammung ein nicht-ionisches Oder anionisches oberflachenaktives Mittel mit einem HLB- 
Wertvon mindestens7 und hoheralsdem des genannten Emulgators und eine wassrige Losung eines zweiten 
50 wasserloslichen ethylenisch ungesattigten Monomers, das das gleiche wie das erste wasserlosliche ethyle- 

nisch ungesattigte Monomer oder verschieden davon sein kann, gibt, um die wassrige Losung des zweiten 
Monomers in den genannten wasserhaltigen Polymergel-Partikeln zu absorbieren, und man 

in einer zweiten Stufe das genannte zweite Monomer polymerisiert. 

55 

2. Verfahren gemaB Anspruch 1 , wobei die Zugabe der zweiten Monomer-Losung und die Polymerisation der zweiten 
Stufe mindestens 1 Mai wiederholt werden. 
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3. Verfahren gemaB Anspruch 2, wobei die Polymerisation der zweiten Stufe 2 bis 4 Mai wiederholt wird. 

4. Verfahren gemaB einem der Anspruche 1, 2 Oder 3, wobei die Temperatur der wassrigen Losung des zweiten 
Monomers, das gerade in den Polymergel-Partikeln absorbiert worden ist, niedrigerals die Zersetzungstemperatur 
des wasserloslichen radikalischen Polymerisationsinitiators ist. 

5. Verfahren gemaB einem der vorhergehenden Anspruche, wobei das oberflachenaktive Mittel zur genannten Auf- 
schlammung so zugegeben wird, dass es vorab in der wassrigen Losung des zweiten Monomers gelost Oder darin 
innig vermischt wird. 

6. Verfahren gemaB einem der vorhergehenden Anspruche, wobei die eingesetzte Menge des zweiten Monomers 5 
bis 300 Gew.% des ersten Monomers betragt. 

7. Verfahren gemaB einem der vorhergehenden Anspruche, wobei das wasserlosliche ethylenisch ungesattigte Mo- 
16 nomer mindestens ein Monomer ist, ausgewahlt aus der Gruppe, bestehend aus Acrylsaure Oder einem Salz 

davon, Methacrylsaure oder einem Salz davon, Acrylamid und aus Methacrylamid. 

8. Verfahren gemaB einem der vorhergehenden Anspruche, wobei das oberflachenaktive Mittel einen HLB-Wert von 
9 bis 17 aufweist. 



w 
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Revendications 

1. Procede de preparation d'une resine absorbant I'eau, qui comprend les etapes consistant : 



a soumettre une solution aqueuse d'un premier monomere soluble dans I'eau a insaturation ethylenique a un 
premier etage de type eau-dans-huile d'une polymerisation en suspension a phase inversee utilisant un amor- 
ceur de polymerisation radicalaire soluble dans I'eau dans un solvant organ ique hydrophobe en presence d'un 
emulsifiant et eventuellement d'un agent de reticulation, de facon a former une suspension contenant des 

30 particules d'un gel polymere hydrate ; 

a ajouter a ladite suspension un tensioactif nonionique ou an ion ique ayant un indice HLB d'au moins 7, et 
superieur a celui dudit emulsifiant, et une solution aqueuse d'un deuxieme monomere soluble dans I'eau a 
insaturation ethylenique, qui peut etre identique au premier monomere soluble dans I'eau a insaturation ethy- 
lenique ou en etre different, de facon a absorber la solution aqueuse du deuxieme monomere dans lesdites 

3£ particules de gel polymere hydrate ; et 

a mettre en oeuvre une polymerisation de deuxieme etage dudit deuxieme monomere. 

2. Procede selon la revendication 1 , dans lequel I'addition de la deuxieme solution de monomere et la polymerisation 
du deuxieme etage sont repetees au moins une fois. 

40 

3. Procede selon la revendication 2, dans lequel la reaction de polymerisation du deuxieme etage est repetee de 
deux a quatre fois. 

4. Procede selon la revendication 1 , 2 ou 3, dans lequel la temperature de la solution aqueuse du deuxieme mone- 
ys mere qui vient d'etre absorbe par les particules du gel polymere est inferieure a la temperature de decomposition 

de I'amorceur de polymerisation radicalaire soluble dans I'eau. 

5. Procede selon I'une quelconque des revendications precedentes, dans lequel le tensioactif est ajoute a ladite 
suspension, en etant dissous au prealable dans la solution aqueuse du deuxieme monomere, ou en etant au 

60 prealable intimement melange a cette derniere. 

6. Procede selon I'une quelconque des revendications precedentes, dans lequel la quantite utilisee du deuxieme 
monomere est de 5 a 300% en poids du premier monomere. 

65 7. Procede selon I'une quelconque des revendications precedentes, dans lequel le monomere soluble dans I'eau a 
insaturation ethylenique est au moins un monomere choisi dans le groupe consistant en I'acide acrylique ou I'un 
de ses sels, I'acide methacrylique ou I'un de ses sels, I'acrylamide et le methacrylamide. 
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8. Proc6d§ selon Tune quelconque des revendications pr6c6dentes dans lequel le tensioactif a un indice HLB de 9 
a 17. 
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